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ABSTRACT 
The connectives above and below the second thoracic ganglion and nerves to and 
from the mesothoracic leg were severed in Periplaneta americana. Isolated ganglia 
and severed nerve cord were examined in the electron microscope. In the connec- 
tives, sheaths of degenerating fibers remain continuous but become thicker  and 
more dense. There is increase in number and more haphazard disposition of the 
neuroglial processes which ensheath the axons. The cytoplasm contains vacuoles. 
Dense droplets normally intercalated between the layers of neuroglial  processes 
ensheathing the axons are strikingly increased in number. The axoplasm with its 
organelles forms dense clumps. Mitochondria in axons are enlarged, the intramito- 
chondrial matrix is more dense, and the internal folds are disorganized. In ganglia, 
mitochondrial changes in terminal parts of the axons appear similar to those de- 
scribed in the parent axons in the connective. The synaptic portions of nerve fibers 
appear very dense. Alterations of the sheath are minimal. Synaptic particles in the 
degenerating axoplasmic coagulum undergo only slight morphological changes and 
are still present up to 6 days after severance of their nerve fibers. It is difficult  to 
assess whether there are any alterations in the total number of synaptic particles 
during degeneration. 
The fine structure of the nerve fibers and  syn- 
apses of  the ganglion chain in  the cockroach has 
been described previously  (Hess, 5).  The present 
study consists of a  description, using electron mi- 
croscopy, of the changes induced by severance of 
the fibers in axons, their sheaths, and their termina- 
tions. 
Material and Methods 
Adult cockroaches (Periplaneta  americana) were used. 
The abdominal nerve cord was severed and, at a later 
time, a portion of the cord proximal to the cut and con- 
taining the degenerating peripheral portions of ascend- 
ing fibers (Hess, 6) was removed for fixation. To obtain 
degenerating terminal  fibers, an  operation similar  to 
that of Bodenstein (1) was performed. Both connectives 
between the first and second thoracic ganglia and those 
between the  second and  third  thoracic ganglia  were 
severed,  and  almost  all  the  nerves  to  and  from  the 
second thoracic leg and attached to the second thoracic 
ganglion on both sides were cut.  In this manner, the 
second thoracic ganglion was essentially deprived of its 
afferent supply from the brain and from the ganglion 
above, from the ganglia below,  and  from most nerve 
fibers entering it from the leg. In other roaches, the head 
and both prothracic legs were removed after ligature. 
The only afferent supply to the first thoracic ganglion 
after this operation was from below. Other minor varia- 
tions in these operative procedures, designed to be less 
drastic and hence leading to longer survival of the in- 
sects, were also employed. The isolated second thoracic 
ganglion was used for most of the results. 
After any of the above operations, the roaches were 
allowed to live for periods varying from 2 to 30 days. 
The severed nerve fibers in the ganglia were examined 
usually at 2 to 6 days after operation, a period of time 
sufficient to make all the observations described below. 
The eventual fate of severed nerve fibers is most con- 
veniently examined in the connective, and these fibers 
were studied after longer periods up  to 30 days after 
operation. 
The abdominal nerve cord proximal to the cut and 
the second or first thoracic ganglion were removed and 
fixed in Dalton's fluid, a solution containing 1 per cent 
osmium tetroxide, 1 per cent potassium bichromate at a 
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pH of 7.6, and 0.85 per cent sodium chloride; in cold 1 
per cent osmium tetroxide, buffered with veronal to pH 
7.5; or in cold 10 per cent formalin, buffered to pH 7. 
The  tissues were fixed  for 45  minutes  to  1 hour.  The 
formalin-fixed pieces were placed in buffered  t  per cent 
osmium tetroxide for an additional hour. The formalin- 
fixed tissues were adequate, but not as uniformly satis- 
factory  as tissues prepared  in the  other fixatives. Be- 
cause of the satisfactory nature of previous experience, 
Dalton's fluid was used most often. 
After fixation, the tissues were dehydrated and then 
embedded in a partially polymerized mixture of 1 part 
of methyl methacrylate to 6 of butyl methacrylate poly- 
merized with benzoyl peroxide at  60°C.  Thin sections 
were cut and  examined in an RCA-EMU 2E electron 
microscope.  Thicker sections (about 1 to 5 #) were cut 
and examined in the phase contrast microscope to pro- 
vide orientation. 
Tissues were also fixed in Bodian's fluid and paraffin 
sections were doubly impregnated with protargol. The 
stains were consistently successful. 
RESL'LTS 
Early Changes in Severed  Nerve 
Fibers (up to 6 Days) 
The Connective: 
The Shea~h.--Normally,  2  to 4  thin processes of 
neuroglial  cells  wrap  around  the  axons  (Fig.  1). 
Infrequent dense droplets are located between the 
layers of the sheath  (Hess, 4). 
The changes induced in the sheath by severance 
of  its  nerve fiber have already  been  described  as 
seen  in  the  phase  contrast  microscope  (Hess,  6). 
The sheath is thicker with a consequent increase in 
density and  its former round  contour is lost. 
These  changes  in  degenerating  fibers  of  2  to  6 
days  are  also  seen  in  electron  micrographs  (Figs. 
1 and  3).  The axon or the area formerly occupied 
by  the  axon  is now surrounded  by about  6  to  10 
neuroglial  processes.  The  processes  are  no  longer 
evenly spaced from each other and do not follow a 
smooth round contour, but have an irregular course 
and a wavy outline as they surround  the axon. The 
number of dense droplets intercalated between the 
layers  of  the neuroglial processes  ensheathing  the 
axon are strikingly  increased  in  number.  In addi- 
tion,  numerous  small  vacuoles  and  very  dense 
(lipid?) droplets accumulate in the cytoplasm. The 
mitochondria  in  the  sheath  cells are not  different 
in  appearance,  size,  or number  from  those  of  the 
sheath cells of intact fibers. 
The Axon.--One of the early changes induced in 
the axon 2  to 6  days after severance is the loss of 
continuity of the axoplasm. The axoplasm, contain- 
ing its organelles, forms relatively small clumps of 
material.  Thus, in  cross-sections,  nerve  fibers  are 
seen with thickened sheaths surrounding the empty 
space  formerly  occupied  by  the  axon  (Fig.  3). 
Other  cross-sections  of  nerve fibers  are  seen  with 
the  clumps  of  axoplasm  located  centrally,  either 
filling completely the space  formerly occupied  by 
the  axon  (Figs.  1  and  4)  or being surrounded  by 
some of the empty space.  Still other cross-sections 
reveal  clumps  of  axoplasm  located  eccentrically 
against the surrounding sheath cell. 
In these large drops or clumps of axoplasm, very 
dense  structures  are  seen  (Figs.  1  and  4).  These 
structures  are mitochondria  that  are  quite  differ- 
ent from those of intact fibers (Fig. 4). These mito- 
chondria  are  larger  and  the  intramitochondrial 
matrix is much more dense. A  few are irregular in 
outline.  In  some,  the  internal  folds  (cristae)  are 
disorganized and holes of variable size occur in the 
mitochondria,  much  larger  than  the  spaces  some- 
times seen normally in these organelles. Also many 
more mitochondria are frequently present in tbese 
degenerated  masses  of  axoplasm,  suggesting  that 
the organelles of the axon are pushed  together  in 
the  dumps  of  axoplasm  and  hence  are  restricted 
during degeneration  to a  much smaller space. 
The  other  structures  seen  in  normal  axoplasm, 
such  as  granules,  vesicles,  elongated  tubules  and 
strands,  and  the  fibrils  which  sometimes  appear, 
are  also  contained  in  these  drops  of  degenerated 
axoplasm and contribute  to their density.  Because 
of their small size and absence of definite organiza- 
tion, it is difficult to determine whether any change 
in the appearance,  size, or number  of these organ- 
elles occurs in degenerated  axoplasm. 
The Ganglion: 
The Sheath.--The sheath around each nerve fiber 
in  the  connective  becomes  much  thinner  as  the 
fibers  enter  the  ganglion.  The  nerve fibers  in  the 
ganglia are  frequently  enclosed  by  1  or  2  closely 
applied membranes of glial cells. The cytoplasm of 
the glial cell processes between these membranes is 
attenuated  so that  the nerve fibers in ganglia are 
surrounded  by very thin  sheaths  indeed.  Presum- 
ably,  the  thinner  the  sheath  around  the  nerve 
fiber, the closer the fiber is to its termination. 
The significance of this sparse sheath is also seen 
during  degeneration.  The  sheath  around  degener- 
ated  axons  in  the  ganglia  is  hardly  changed  or 
increased  in  thickness  (Figs.  2,  5,  7  to  15).  This 
has previously been described from phase contrast 
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TExT-F16.  1.  This diagram illustrates a  normal nerve fiber,  its sheath,  and its termination and the effects  of 
degeneration induced by severance on the peripheral stump of the nerve fiber. The changes illustrated here in the 
sheath and axoplasm of the degenerating nerve fiber are described fully in the text. 
the  thickness  of  the  sheath  of  degenerated  fibers 
after they enter a  ganglion from the connective to 
approach their termination led to a failure to trace 
these  nerve  fibers  to  their  exact  ending  in  the 
ganglion (Hess, 6). 
The Axon.--The axon is considerably reduced in 
diameter  as  it  enters  the  ganglion  from  the  con- 
nective to approach its termination.  The axon, as 
it  approaches  its  synapse,  contains  many  mito- 
chondria  and  synaptic  particles.  There  are  three 
types of synaptic particles: granules,  the smallest; 
vesicles, the next in size; and  droplets,  the largest 342  FINE STRUCTURE OF DEGENERATING NERVE  FIBERS 
(Hess,  5). Usually only one kind of particle is pre- 
dominant in an individual axon. Terminations with 
granules or with droplets are seen most frequently; 
vesicle-containing  fibers  are rare.  An axon can be 
considered as having two parts:  a  terminal region 
containing the synaptic particles and a preterminal 
component continuous with the terminal but de- 
void of synaptic particles. 
Changes similar to those described above in the 
connective also  occur  in  the  nerve fibers  in  the 
ganglion. Dense dumps of degenerating axoplasm 
are seen  (Figs.  2,  5,  7  to  15). The mitochondria 
within the axoplasmic coagulum are enlarged, the 
intramitochondrial folds are disorganized, and the 
mitochondrial matrix is more dense (Figs.  2, 10 to 
14). The other organelles of the axon are similarly 
piled up within the degenerating axonal material. 
In cross-sections,  the axoplasmie coagulum can be 
located centrally or peripherally within the original 
borders of the nerve fiber. 
Longitudinal sections confirm this view (Figs.  9 
and  13). Here,  the  degenerated  nerve fibers  are 
seen  as  clear  structures  with  dumps  or  piles  of 
material accumulated either on the axon-limiting 
membrane, the  axolemma,  or,  depending on  the 
level of section, within the relatively empty space. 
Higher magnifications (Figs.  10 and  11)  of  these 
clumps  of  axoplasm  reveal  disorganized  mito- 
chondria and other organelles all piled up and con- 
tributing to the density of the clump of axoplasm. 
An interesting point to  be made,  and perhaps 
revealed most clearly by longitudinal sections, is 
that the dumps of axoplasm are not surrounded by 
the axon-limiting  membrane or the axon sheath in 
the peripheral stump of degenerating fibers (Figs. 
10,  11,  13). Rather, the axolemma and the sheath 
of the nerve fiber appear to stay relatively intact. 
It is  the axoplasm and its organelles which form 
the dense masses.  Thus, the whole nerve fiber does 
not form  ovoids; rather  its  content of  axoplasm 
does, and its limiting membrane remains intact so 
that  the  fiber,  now  relatively empty  except  for 
clumps of axoplasm, retains for a  relatively long 
stretch its original diameter.  In places where the 
fiber diameter is altered, the twisted or collapsed 
axolemma and axon sheath do not round up to en- 
close  the  clump  of  degenerating axoplasm;  the 
clump of axoplasm is covered only on two sides by 
axolemma and sheath (Fig. 11). 
The  dumping of  axoplasm  and  its  organelles 
after  severance  makes  it  extremely  difficult  to 
ascertain whether terminal or preterminal portions 
of  a  degenerated nerve fiber are  being observed 
(see Figs. 2, 5, 7 to 15). Nevertheless, by making 
many  observations  in  areas  that  are  normally 
crowded  with terminal axons, we have been able 
to  judge  that  at  least some  of  the  degenerating 
axons seen are  indeed terminal axons containing 
particles near a synapse. Most of the degenerating 
fibers encountered are those containing the synap- 
tic particles called granules. In all such fibers ob- 
served (Figs.  2, 7, 12 to 14), the changes are simi- 
lar. The mitochondria are dense with disorganized 
internal  folds and frequently appear enlarged. Some 
are irregular in outline. It is more difficult to assess 
the morphological changes in the individual syn- 
aptic granules induced by severance. In some in- 
stances, the particles in the dense axoplasmic co- 
agulum are even smaller and more punctate than 
those occurring in intact fibers (Figs.  2, 7,  13). In 
other  instances, the  particles appear  slightly en- 
larged and vesicular (Figs.  12 and 14). In all cases, 
the granules are dumped together in the degenerat- 
ing  axoplasmic  mass.  However,  because  of  the 
dumping of degenerating axoplasm and particles, 
it is impossible to say whether the total number of 
synaptic particles is increased or decreased.  Cer- 
tainly there is an increase in  number in a  given 
portion of degenerating axon, but that is probably 
due to the fact that the particles are crowded  into 
a smaller area during degeneration. 
Some nerve fibers are observed that appear to be 
degenerating axonal  terminations with  droplets. 
The mitochondria have undergone changes similar 
to those already described. The degenerating termi- 
nal  is  very  dense,  but  the  individual droplets, 
dumped together, appear to be less dense than in 
normal fibers  (Fig. 15). 
A  diagram summarizing the  results of  this in- 
vestigation is presented in Text-fig. 1. The effects 
of severance on the sheath and the axoplasm with 
its organelles and particles are illustrated. 
The  reactions of  the  glial cell  ensheathing de- 
generating nerve fibers  near their  termination in 
the ganglion are minimal. However, there are other 
cells in the ganglion which react more drastically 
to  the injury and which might be confused with 
degenerating nerve fibers. One type of cell contains 
lipid droplets which have lamellated internal mem- 
branes like a myelin figure and which at times may 
resemble degenerating axonal mitocbondria. How- 
ever,  these  cells  occur  most frequently near  the 
periphery of the ganglion and not in the synaptic 
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see a nucleus in these cells. It should be said that 
these cells are rarely present in uninjured ganglia. 
Similarly, another cell is seen whose mitochondria 
are dense and not well organized. Sections of pieces 
of the cytoplasm of this cell can appear like degen- 
erated nerve fibers in certain situations. However, 
these  cells  are  always  related  to  tracheoles,  and 
nuclei can be found in them.  These cells are not 
present in intact ganglia and are perhaps tracheal 
end-cells which are reacting to the injury of their 
tracheoles which inevitably occurs when the con- 
nectives and nerves are severed. 
Degenerating nerve fibers,  terminal or pretermi- 
nal portions  of  axons,  or  degenerating synapses 
could not be identified with certainty after silver 
impregnation. The  wavering course  followed  by 
some small nerve fibers and the change in direction 
which nerve fibers undergo in the ganglion add to 
the confusion of attempting to ascertain in silver 
preparations whether a nerve fiber is normal, end- 
ing, or degenerated. 
Late Changes  in Severed Nerve Fibers 
(1  Week to 30 Days) 
After about a  week,  degenerating fibers in the 
connective appear  to  collapse and  the space for- 
merly occupied by the axon is no longer seen.  At 
30 days after severance, the degenerated sheath is 
seen in the phase contrast microscope as a  thick 
band. 
It is very difficult  to  trace  the fate of  the de- 
generating axon with its large mitochondria after 
the  1st  week.  The sheath  thickens and collapses 
and lies in the area formerly occupied by the axon. 
The clumps of axoplasm apparently undergo lysis 
and a  granular debris can sometimes be seen.  A 
thickened band of sheath cell remains in the periph- 
eral stump. Perhaps at and near the point of sever- 
ance, foreign cells have wandered into the area to 
remove cellular debris; this has not been studied. 
In the portion of the peripheral stump at a distance 
from the point of injury, no foreign cells are pres- 
ent; apparently the proliferating sheath cells per- 
form the function of macrophages for the removal 
of degenerating axoplasm. This picture is still seen 
at  30  days after  operation  (Fig.  6).  Evidence of 
degenerating axoplasm  is  hard  to  find;  the  pro- 
liferating sheath cell has replaced the axon. 
DISCUSSION 
De  Robertis  (2,  3)  described  degenerative 
changes  in  the  synapses  of  the  ventral acoustic 
ganglion of the guinea pig at l  to 2 days after de- 
struction of the cochlea.  The changes consisted of 
swelling of  the axoplasm, agglutination, lysis and 
disappearance  of  synaptic  vesicles,  and  lysis  of 
mitochondria. The mitochondria are illustrated as 
becoming smaller and losing their internal folds. 
The  degenerating nerve  terminal in  general  be- 
comes lighter in density. 
There are many differences  between the altera- 
tions in nerve terminals as described by De Rober- 
tis and those observed in the present investigation. 
The synaptic particles of the nerve endings in the 
cockroach do not appear to undergo lysis or to dis- 
appear up to 6 days after nerve section. The par- 
titles do appear to agglutinate and clump together, 
but only because the axoplasm itself clumps very 
soon after nerve section and all its organelles are 
piled up in these masses of axoplasm. The individ- 
ual synaptic particles undergo slight morphological 
change during degeneration of nerve fibers, but do 
not disappear. Similarly, the mitochondria undergo 
early changes after nerve sectionwhich lead to their 
appearing rather larger than in intact nerve with 
their internal folds numerous  but disorganized and 
the  intramitochondrial matrix  more  dense.  The 
mitochondria might also be said to agglutinate in 
degenerating cockroach  nerve, since they are piled 
up in the clump of axoplasm. Such a clumping of 
mitochondria does not occur in degenerating mam- 
malian nerve according to De Robertis; rather, the 
mitochondria undergo lysis in situ.  Thus, it may 
be said that, in contrast to degenerating mamma- 
lian synapses as described by De Robertis, the de- 
generating  nerve  terminal  of  the  cockroach  in 
general becomes much more dense. 
The  present  investigation unfortunately does 
not  shed  much  light  on  the  significance of  the 
particles seen in nerve terminals. It seems impos- 
sible to determine whether the particles are altered 
in  total  number after  nerve  section.  In  normal 
nerve fibers,  the number of particles differs in dif- 
ferent nerve fibers  and in various portions of  the 
same nerve fiber as it approaches its termination. 
The rapid  clumping of  the  axoplasm and  conse- 
quent  disorganization and  redistribution of  the 
organelles in the axoplasmic coagulum after sever- 
ance of the nerve further increases the difficulty of 
assessing any alterations in the number of particles 
in nerve terminals. However, the structural changes 
in and  the  clumping of  the particles after  nerve 
section indicate that the particles are in the pre- 
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are related to the chemical transmitter at the syn- 
apse,  the  clumping  of  the axoplasm  and  the  con- 
sequent redistribution  of the particles in a  degen- 
erating  axon  terminal  might  be  related  to  the 
physiological effects obtained at the synapse after 
nerve section. 
Despite the differences in reaction of the termi- 
nals of insects and mammals  to nerve section, the 
changes in the axoplasm of the nerve trunk in these 
widely different animals appear quite similar. Vial 
(7)  saw  the earliest changes in axoplasm  after rat 
nerve section, in the endoplasmic reticulum. Then 
the neurofilaments fragmented  and  the mitochon- 
dria  became  swollen.  Any  changes  in  the  other 
organelles  of  the  peripheral  stump  of  a  severed 
cockroach  nerve  fiber  are  soon  obscured  by  the 
striking changes induced in the mitochondria. The 
clumping of the axoplasm in the rat as illustrated 
by  Vial  (7)  is  very similar  to  the  illustrations  of 
degenerating  cockroach  axoplasm  shown  in  the 
present  investigation.  One  significant  difference, 
perhaps,  between  degenerating  mammalian  nerve 
fibers  and  those  of  the  cockroach  is  seen  in  the 
alterations  of  the  sheath.  Whereas  the  myelin 
sheath  of  the  rat  forms  elongated ovoids and  be- 
comes discontinuous  during  degeneration  in  early 
stages, the sheath of the cockroach becomes thicker 
and  more  irregular  but  remains  continuous  and 
does not undergo ovoid formation in early stages of 
degeneration.  This is due perhaps  to the fact that 
the  mammalian  myelin  sheath  consists  almost 
wholly  of  membrane  layers  "zippered"  together 
without  any  intervening  cell  cytoplasm,  whereas 
the sheath  of  the  cockroach nerve fiber has  cyto- 
plasm  intercalated  between  its  membrane  layers. 
The changes induced in the sheath of the cockroach 
nerve fiber occur extremely rapidly after severance. 
The significance of fiber size and  the proliferation, 
if any, of the nuclei of sheath cells during degenera- 
tion and regeneration of insect nerve fibers is being 
investigated. 
The  author  wishes  to  thank  Miss  Sonia Michelson 
for her very capable technical assistance. 
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EXPLANATION OF  PLATES 
All photographs are electron micrographs of degenerating nerve fibers in the cockroach. The line on each photo- 
graph indicates 1 #. 
PLATE 171 
FIG.  1.  Cross-section through portion of connective proximal to the point of severance of the nerve cord oper- 
ated 5 days previously. Intact axons (A) containing mitochondria (M) and ensheathed by about 2 to 4 layers of 
neuroglial processes are seen.  A degenerated fiber with thickened sheath  and  a  clump of axoplasm with large, 
dense mitochondria is near the center of the field (arrow).  X  12,000. 
FIG.  2.  Section through the second thoracic ganglion isolated 2 days previously showing a degenerated nerve 
fiber (D)  with its dense clump of  axoplasm.  Intact fibers (A),  containing fibrils and mitochondria  (M), are also 
seen.  )<  12,000. THE  JOURNAL  OF 
BIOPHYSICAL  AND BIOCHEMICAL 
CYTOLOGY 
PLATE  171 
VOL. 7 
(Hess: Fine structure of degenerating nerve fibers) PLATE  172 
Fro.  3.  Cross-section through a nerve fiber in a connective proximal to the point of severance of the nerve cord 
operated 4  days previously. The cytoplasm and  the disorganized ramifications as well as the increase in number 
of the processes of the cell ensheathing the axon are seen. Vacuoles (V) and dense droplets (L)  are present in the 
cytoplasm of the sheath cell.  The elongated droplets (D) intercalated between the processes of the sheath cell are 
increased in number compared with intact fibers, The section does not  pass through a  clump of axoplasm so the 
space formerly occupied by the  axon appears empty (A).  X  16,000. 
FIG.  4.  Cross-section through a  clump of axopiasm in  a  degenerating nerve fiber of a  connective proximal to 
the point of severance of the nerve cord operated 5  days previously.  The  mitochondria are (lense,  clumped  to 
gether, enlarged, and  their internal  folds are disorganized.  Some  (M)  have large holes in  their interiors. Others 
(arrows) are irregular in outline. The thickened sheath (S) around lhe degenerating fiber is also seen. X  16,000. THE  JOURNAl,  OF 
BIOPHYSICAL  AND BIOCHEMICAL 
CYTOLOGY 
PLATE  172 
VOL. 7 
(Hess: Fine structure of degenerating nerve fibers) PLATE  173 
FIG.  5.  Low power electron micrograph of a section through the interior of the second thoracic ganglion 4 clays 
after isolation. The dense clumps of degencrating axoplasm (D) and many normal fibers (A), some with  synaptic 
particles, are seen.  X  4,000. 
FIo.  6.  Cross-section of a  degenerating nerve fiber in the connective proximal to the point of severance of thc 
nerve cord operated 30 days previously. Many elongated droplets (D) are located between the layers of the ramify- 
ing processes of the sheath cell. The thickened sheath appears to be invading what apparently is the area formerly 
occupied by the axon (A).  X  12,000. THE  JOURNAL  OF 
BIOPIIYSICAL AND BIOCttEMICAL 
CYTOLOGY 
PLATE  173 
VOL.  7 
(Hess: Fine structure of degenerating nerve fibers) PLATE  174 
Fro.  7.  Section through the second thoracic ganglion isolated 4 days previously showing intact terminal fibers 
(A)  and  degenerating terminations (D).  The  increased  density of  the  degenerating nerve fibers is  marked,  al- 
though the mitochondria (M)  are  not severely distorted.  The particles in the degenerating nerve fibers appear 
clumped together and smaller and more punctate  than those in the intact filter.  P  indicates preterminal nerve 
filters without particles. X  16,000. 
Fro.  8.  Section through the second thoracic ganglion isolated 2 days previously showing a structure similar to 
that of other nerve fibers but containing degenerating axoplasm (D) with clumped granules and mitochondria. S 
indicates the area in which, formerly, the axoplasm was evenly distributed. X  12,000. THE  JOURNAL OF 
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Fl(;.  9.  Scction through the second thoracic ganglion isolated 4  days previously. Two degenerating (D)  fibers 
are cut in longitudinal section. Dense clumps of axoplasm (A) are strewn along the borders of the fibers. The area 
formerly occupied by the axon is now virtually  empty. The fibers do not form ovoids, but appear to retain their 
diameter for a rather long period. In some places, the limiting membrane of the axon is twisted or collapsed. The 
thin sheaths of the degenerating fibers do not appear to be markedly increased in thickness. The interiors of the 
two clumps of axol)lasm indicated by arrows are seen enlarged in Figs. 10 and 11. Other dense clumps of degencrat 
ing fibers cut in cross- or oblique section are seen (F).  X  4,000. THE JOURNAL  OF 
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F~O.  10.  Enlarged view of the clump of axoplasm indicated by the arrow on the left of Fig. 9. The degenerating 
clump of axoplasm is seen to contain enlarged mitochondria (M)  with disorganized internal folds and irregular 
borders. Other axonal organe]les (O), such as vesicles and fibrils, are crowded together with the mitochondria in  the 
axoplasmic coagulum.  X  24,000. 
Flo.  11.  Enlarged view of the clump of axoplasm indicated by the arrow on the right of Fig.  9.  The enlarged 
mitochondria (M) and  other organelles (O), such as vesicles and fibrils, are clumped together in the degenerating 
axoplasmic coagulum.  The axon-limiting membrane  (arrows)  has collapsed  so that the diameter of  the fiber is 
altered. The fiber does not  form ovoids. The clump of axoplasm is covered by axon-limiting membrane only on 
two sides.  X  24,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
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FW..  12.  Degenerating nerve fiber from the second thoracic ganglion isolated 4 days previously. The  internal 
folds of the mitochondria (M)  are disorganized and the mitochondrial outline is very irregular. The particles (P) 
appear to be slightly enlarged and vesicular. X  20,000. 
FIG.  13.  Degenerating nerve fibers from the second thoracic ganglion isolated 4 days previously. Degenerating 
nerve fibers are seen cut in cross-section (on the left)  and in longitudinal section  (on the right).  The increased 
density of the degenerating fibers is marked. The mitochondria (M) are dense. The particles (P) are more punctate 
than in intact fibers.  Intact fibers and terminals are seen (N).  A indicates the axonal debris clumped toward the 
middle of the fiber.  The area (S) formerly occupied by the axon appears virtually empty. The membrane limiting 
the longitudinally sectioned fiber is continuous and not collapsed nor thickened, and the degenerating fiber retains 
its normal diameter for a considerable extent.  X  12,000. 
FIG.  14.  Degenerating nerve fiber from the second thoracic ganglion isolated 4 days previously. Mitochondria 
are seen at M. The particles (P), slightly enlarged and vesicular, appear very numerous in this degenerating termi- 
nal. X  32,000. 
Fro.  15.  An apparently degenerating (D) droplet-containing fiber from the second thoracic ganglion isolated 6 
days previously. An intact droplet-containing fiber (N) is nearby. The increased density of the degenerating fiber 
is striking.  X  24,000. THE  JOURNAL  OF 
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